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Introduction:  Other things being equal, we might 

expect that the larger an object, the longer it will retain 
heat, and the greater the likelihood it has differentiated. 
Therefore, given the existence of differentiated aster-
oids it seems reasonable to expect the largest ones are 
preferentially differentiated. 

We also have ample information from the meteor-
ites that differentiated and partially differentiated ob-
jects exist, not only from magmatic iron meteorites and 
HEDs but also more subtle evidence like paleomag-
netism. Meteorite studies also provide the qualitative 
spectrum of materials most of us implicitly use from 
the heavily processed, differentiated achondrites to the 
more pristine, less altered carbonaceous chondrites. 

Remote sensing provides our only means of con-
necting the thermal models to meteorite evidence out-
side of rare spacecraft visits.  While not always 
straightforward, interpretations from reflectance spec-
troscopy have been borne out in contexts ranging from 
Itokawa to to Vesta to Mars.  Asteroid spectral classes 
defined in the visible-near IR range have been used 
since the 1970s, and meteorite analogs are associated 
with many of the classes [for instance, 1]. While pru-
dent caveats and cautions have been in place since 
these taxonomies were established, terms like “C-
complex family” or “M-class asteroid” still carry con-
notations far beyond spectral shapes for most workers 
in the field. 

The Largest Asteroids: Given these general 
statements, we might expect the largest objects in the 
asteroid  belt to be igneous bodies, dominated by those 
spectral classes associated with differentiated meteor-
ites. As most are aware, and any genre-savvy reader 
may expect, that is not the case. Table 1 shows those 
asteroids larger than 250 km diameter [2], a list domi-
nated by low albedo objects that belong to the spectral 
classes associated with the carbonaceous chondrites.  
Of the 30 largest asteroids (down to ~200 km diame-
ter), only 6 belong to the S or V classes, and the S-
class bodies may be interpreted as undifferentiated 
ordinary chondritic rather than stony-iron. 

Observations of these largest low-albedo asteroids 
in the 3-µm region show that most of them have ab-
sorption bands either like Ceres (interpreted as due to 
brucite and carbonates) or Themis/Cybele (interpreted 
as ice frost) and unlike the CM meteorites [3].  Ceres is 
currently thought to be ice-rock differentiated [4],  and 
it has been suggested that its surface composition re-
flects its history [5] (as would objects with similar 
spectra?). Modeling by Castillo and Schmidt suggests 
that Themis-sized bodies may differentiate into an ice 

shell over a rocky core depending upon initial condi-
tions [6]. Themis’ ice was first interpreted as pri-
moridal [7,8], but it is possible that Themis is also ice-
rock differentiated, with ice delivered to the surface 
from an ice shell.  

Implications: Recent observations with WISE 
shows that low-albedo, presumed carbonaceous aster-
oids are a majority or plurality of objects in all parts of 
the asteroid belt [9]. DeMeo and Carry (2013) use the 
context of mass, and show that 75% of the asteroid 
belt’s mass is contained in the low-albedo, presumed 
water-rich B, C, and P classes [10].  

Given the dominance of carbonaceous material at 
large asteroid sizes, likely containing 10-25% water by 
mass, and the thermal evolution models mentioned 
above, it may be that the most common type of differ-
entiation in the asteroids (and early planetesimals?) 
was rock-ice rather than rock-metal. Given the indica-
tions that several dozen differentiated bodies are repre-
sented in the meteorite collection, this is intriguing 
(additional) circumstantial evidence that primitive sur-
faces might be hiding more processed interiors (as 
suggested by [11], and certainly evidence we still have 
a lot to learn! 
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Asteroid D (km) Class 
1 Ceres 952 C 
2 Pallas 544 B 
4 Vesta 525 V 
10 Hygiea 431 C 
704 Interamnia 326 B 
52 Europa 315 C 
511 Davida 289 C 
87 Sylvia 286 X (Tholen P) 
65 Cybele 273 Xc (Tholen P) 
15 Eunomia 268 S 
3 Juno 258 Sk 
31 Euphrosyne 256 Cb 
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